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ShenzhenIt is signiﬁcant to identify urban active faults for human life and social sustainable development. The ordinary
methods to detect active faults, such as geological survey, artiﬁcial seismic exploration, and electromagnetic
exploration, are not convenient to be carried out in urban area with dense buildings. It is also difﬁcult to supply
information about vertical extension of the deeper faults by these methods. Gravity, reﬂecting themass distribu-
tion of the Earth's interior, provides an alternativeway to detect faults, which ismore efﬁcient and convenient for
urban active fault detection than the aforementioned techniques. Based on the multi-scale decomposition of
gravity anomalies, a novelmethod to invertmultilayer horizontal tectonic stresses is proposed. The invertedmul-
tilayer stress ﬁelds are further used to infer the distribution and stability of the main faults. In order to validate
our method, the multilayer stress ﬁelds in the Shenzhen fault zone are calculated as a case study. The calculated
stress ﬁelds show that their distribution is controlled signiﬁcantly by the strike of themain faults and can be used
to derive depths of the faults. Themain faults in Shenzhenmay range from4 km to 20 km in the depth. Each layer
of the crust is nearly equipressure since the horizontal tectonic stress has small amplitude. It indicates that the
main faults in Shenzhen are relatively stable and have no serious impact on planning and construction of the city.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Active faults across urban area are great potential threats. Their
activity may cause severe damage to lifelines, critical facilities, and
local utility distribution systems. Destructive earthquake caused by
urban active faultsmay result in huge economic loss and a large of casu-
alties, such as San Francisco earthquake in 1906, Tokyo earthquake in
1923, Tangshan earthquake in 1976, and Chi-Chi earthquake in 1999.
Active fault exploration is of particular importance by considering the
rapid social and economic development in urban area.
Most urban active faults become concealed faults with sparse rock
outcropping and unobvious trace, usually covered by Quaternary uncon-
solidated sediments. There are several approaches to detecting concealed
faults. Geological survey infers faults from the symbols of physiognomy,
reduplicate layers, slickenside, etc. (Berberian, 1995; Egan et al., 1999;
Wu and Xu, 2003; Gong et al., 2004; Wu et al., 2005; Picotti et al.,
2009). Artiﬁcial seismic exploration obtains geometric parameters of
faults from crustal velocity structure using seismic data (Bleibinhaus
et al., 2007; Karastathis et al., 2007; Sato et al., 2009; Sultan et al., 2012).eomatics, Wuhan University,
. This is an open access article underElectromagnetic exploration identiﬁes faults from underground geologic
structure inverted by apparent resistivity, geoelectricity, electromagnetic
wave, and so on (Murthy et al., 2001; Slater and Niemi, 2003; Rashed
et al., 2003; Nguyen et al., 2005; Bhosle et al., 2007; Kondo et al., 2008;
Huang and Lin, 2010; Suski et al., 2010; Audru et al., 2001; Yalçiner
et al., 2013). These techniques may be practical for shallow structure
study, but not applicable for deeper sources. It is difﬁcult to give informa-
tion about vertical extension of the deeper faults by these methods. Due
to dense buildings and municipal facilities on ground, these methods
might also be inconvenient in urban area. As an alternativemethod, grav-
ity is a good tool for inferring subsurface structures (Sultan et al., 2012;
Tigli et al., 2012; Saleh and Saleh, 2012; Wang et al., 2012; Evariste
et al., 2014), because gravity implies density distribution inside the
earth and can subsequently be used to invert tectonic stress.
Shenzhen, one of the fastest-growing cities in the world, is situated
in Southern China's Guangdong province and adjacent to Hong Kong.
Many active faults have been found across Shenzhen urban area. As
the city is expanding, numerous large buildings and municipal facilities
have been constructed on or close to the fault zone. It is imperative to
understand the active faults. In the last fewdecades, various geophysical
techniques have been constantly applied to study faults in Shenzhen
except gravity (Tan et al., 2000; Sun et al., 2007; Chen et al., 2010; Yu,
2010). Previous studies demonstrate that the Shenzhen fault zone hasthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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although the activity is very weak. The activity can be examined with
earthquake focal depth distributions (Pamukçu et al., 2014). In the
past several decades, earthquakes with maximummagnitude less than
4 and focal depths ranging from 5 km to 25 km were recorded in this
area. The progresses of researches on the Shenzhen fault zone are de-
tailedly reviewed in Yu (2010).
The present work is an attempt to study the Shenzhen fault zone
based on gravity observation. Wavelet multiscale analysis was used
for gravity anomaly separation. Hereafter crustal density and tectonic
stress distributions in different depths were inverted in order to ad-
vance the knowledge regarding the Shenzhen fault zone.
2. Tectonic and geological setting
The study area is located at the southeast edge of Cathaysia block,
which is a part of South China Continent (SCC). SCC, a major continent
block of East Asia, has experienced a long term and complicated tectonic
evolution (Zhang et al., 2013). As the convergence center of threemodern
plates, the present tectonic activities of SCC are inﬂuenced by the Indian–
Eurasian collision, the subduction of the Paciﬁc plate and the Philippine
Seaplate. In the global plate tectonic situation, SCC is suffered from south-
eastward pushes resulting from uplift of Qinghai–Tibet plateau, with the
addition of compression generated from the northwestward subduction
of the Philippine Sea plate (Fig. 1). A tectonic feature of the Cathaysia
Block is the extensive distribution of large-scale NEE-trending faults.
The study area is tectonically a Neopaleozoic depression developed
on the Caledonian folding basement, superposed and reworked by
Mesozoic and Cenozoic structures. Rifting and magmation in different
periods resulted in poor continuity and absence of strata. Rocks behind
Cenozoic have suffered varying degrees ofmetamorphism. Complicated
geological structures in Shenzhen were generated after numerous tec-
tonic events since Caledonian (Sun et al., 2007).
The Shenzhen fracture zone can be distinguished into three sets of
NE, NWandWE trending faults (Fig. 2). NE-trending fault belt including
F1–F4 is the dominant crustal tectonics, which is viewed as theFig. 1. Tectonic background and location of the study area (modiﬁed from Yu, 2010). 1: motionsouthwest end of Lianhuashan fault zone which belongs to the
Neocathaysian structural system. NE faults traverse the whole urban
area slantingly with the length of about 150 km and control the distribu-
tion of stratum, intrusive body andmetamorphic rocks in this area. Com-
pared with NE faults, NW andWE faults are less developed with smaller
scale, mostly intersecting with the NE faults. The general structures are
in a strike–slip to normal faulting regime. The horizontal principal com-
pressive stress is dominantly NNW- andNW-trending, almost perpendic-
ular to the major fault trend. The stress orientation is consistent with the
regional tectonic background (Liu, 2001). Themaximumhorizontal shear
stress ismostly less than 1MPa (Tan et al., 2000). The stressﬁeld indicates
that the Shenzhen fault zone is relatively stable.
Topography from SRTM DEM (Jarvis et al., 2008) is illustrated in
Fig. 3a. In the north, south and northeast, Shenzhen is primarily
surrounded by small hills composed of granites and volcanics. In the
southwest, topographic features are characterized by alluvium terraces.
Four-grade paleo-denudation surfaces and three-grade alluvium
terraces have been developed in the fault zone since ~1.8 Ma. A series
of small Quarternary intermontane basins and valleys is developed with
axis orientation of NE–SW or ENE–WSW same as trending of the major
faults within the fault zone. Most of these basins and valleys are located
in the older fracture and or the limestone strata undergoing strong
karstiﬁcation, while no fault and marked deformation have been ob-
served in the sediments of the Late Pleistocene and Holocene. This
might suggest that no remarkable faulting has occurred in the fault zone
at least since the middle of the Late Pleistocene (Lu and Sun, 1991).
Although the region is tectonically and geologically stable, geophys-
ical phenomena such as minor earthquakes show that the Shenzhen
fault zone is still partly active. The deepest foci of observed crustal
events within the fault zone reach nearly to 30 km (Tan et al., 2000).
It indicates that the fault zone has extended into the lower crust or
even the upper mantle. The deep crustal discontinuity is conﬁrmed by
other geophysical studies (Xie et al., 1997; Fletcher et al., 1997; Sewell
et al., 2000). The recent crustal structure from deep seismic sounding
shows that a high-velocity (7.1–7.4 km/s) layer in lower crust is absent
in the study area (Li et al., 2006). The crust is only 28–30 km thickwith adirection of plate, 2: motion direction of blocks, 3: plate boundary, 4: main fault systems.
Fig. 2.Geologicalmap of Shenzhen area (modiﬁed fromYang et al., 1991). 1:Quarternary, 2: Upper Cretacic, 3: Lower Cretacic, 4: Upper Jurassic, 5:Middle Jurassic, 6:Upper Triassic-Lower
Jurassic, 7: Upper Devonian-Carboniferous System, 8: Lower Paleozoic, 9–12: Yanshanian granite, 13: Caledonian granite, 14:W–E compression faults, 15: NE compression shear faults, 16:
Fold-axis, 17: NEE compression shear faults, 18: NW compression shear faults, 19: Major faults, 20: Minor faults, 21: Epicenter, 22: Hotspring, 23: Volcanic vent, 24: Geological boundary.
F1: Jiuweiling fault (JF), F2: Henggang–Luohu fault (HLF), F3: Liantang fault (LF), F4: Yantian fault (YF), F5: Wentang–Guannan fault (WGF).
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than the previous one (Zeng et al., 1995) by ~2 km.
3. Bouguer gravity anomalies
A gravimetry campaign was commissioned in 2001 by the Urban
Planning Land and Resources Commission of Shenzhen Municipality.
The original purpose of this mission is to determine a local geoid with
a resolution of 1 km in Shenzhen area. The gravity ﬁeld was surveyed
at 3871 stations with an average density of one per km2, of which
3609 were land stations observed using Lacoste & Romberg model-G
or -D gravimeters, and 1262 were marine stations measured using
Locaste & Romberg model-S air-sea gravimeters. The accuracy of the
gravity observations is ~0.1 mGal for land stations and ~1.6 mGal for
marine stations. Fig. 3c shows the distribution of the observations.
Two data gaps exist in our study area. One is at the southwest corner
in the Pearl River estuary. The other is in the southernmost area close
to Hong Kong Special Administrative Region.
The measurements were reduced to complete Bouguer anomaly
values, applying necessary corrections such as the latitude, free-air,
Bouguer and topographic corrections. Free-air and Bouguer corrections
were made using local geoid as a datum and 2.67 g/cm3 as a reduction
density. In order to detect suspicious value, a moving average method
with awindow size of 6 kmwas applied to the calculated Bouguer grav-
ity anomaly for each gravity station. The value will be regarded as an
outlier, if its deviation to themean is larger than three times of the stan-
dard deviation. 70 stations were removed as outliers in this action. Fi-
nally, a Bouguer gravity anomaly common grid with a resolution of
1 km was interpolated using Kriging method. The result is shown inFig. 3b. The local coordinates were used in this plot in order to compare
the geological structures in Fig. 2. The coordinates of the bottom-left and
top-right corners are corresponding to (E113.71°, N 22.52°) and
(E114.67°, N22.91°), respectively.
The Bouguer gravity anomaly values are all negative ranging from
−27mGal to−8mGal. The gravity anomalymap (Fig. 3b) shows a com-
plex feature with many gradient belts and entrapments, and excellent
correlation with the topography (Fig. 3a). On the whole, a high-low-
high pattern can be found from the northwest part to the southeast part
of the study area. The small hills in the north, south and northeast are cor-
responding with low Bouguer gravity anomaly. The basins and valleys in
the central-east regions are consistent with high gravity anomaly. Several
oval gravity lows can be observed in the hilly lands with elevation of
100–250 m, mainly associated with Yanshanian intrusive rocks. The
high topography in the north causes a low Bouguer anomaly. So does in
the south coast near Mirs Bay. The largest-scale gravity low, which
major axis is in nearW –E orientation, locates in the SW alluvium terrace
zone centeredwith Yangtaishan. To the northeastern, another gravity low
following the NE trend of the Shenzhen faults is visible at the watershed
between Pingshan valley and Longgang–Pingdi valley. Just among the
two gravity lows, a NW–SE gradient belt occurs corresponding to
WGF(F5). Most of the gradient belts are NE-strike in the Shenzhen fault
zone. AWE trend of relative amplitude highs is recorded from Henggang
in the middle to the Daya Bay along the southeastern coastal mountains.
These features indicate that the gravity anomaly is predominantly con-
trolled by the major faults and bedrocks. The maximum amplitude mini-
ma are located in the Shenzhen Bay caused by a thick pile of sediments.
Values close to the southern boundary are well consistent with those de-
rived from Hong Kong gravity data (Fletcher et al., 1997).
Fig. 3. Topography and gravity in study area. The dashed red box shows the study area. (a) Topography from SRTM3. (b) Bouguer gravity anomaly. Local coordinates are used here in order
to compare with Fig. 2. The white line is coastline. (c) Distribution of gravity observations.
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Gravity anomalies reveal anomalous density distributionswithin the
Earth, and therefore imply the state of stress in the curst and upper
mantle. For global studies, severalmodels were proposed for estimating
stress from the long-wavelength gravity anomalies (Mckenzie, 1967;
Lambeck, 1972; Chase, 1979). McNutt (1980) gave a complete review
on these models and discussed the earth strength based on the global
gravity ﬁeld. Recently, the relationship between the lateral variations
of gravitational potential energy (GPE) and tectonic overpressure,
deviatoric stress was explained and qualiﬁed analytically and numeri-
cally (Schmalholz et al., 2014). Ghosh et al. (2009) also calculated thecontribution of GPE differences to the deviatoric stress magnitudes.
However, the previous studies focused on the global or large scale situ-
ations. The deduced tectonic stress ﬁeld can only represent the mean
value of loading stress related to the topographic load. For regional ap-
plication, approximate formulas were given to convert the gravity
anomalies into tectonic stress (You, 1994; Xiang and Li, 1999). In our
study, the approximate formulas are used to invert local tectonic stress
ﬁeld. The derivation of the formulas is summarized in the following.
In the lithostatic state of stress, the three normal stresses are equal to
the weight of the overburned. It is proportional to the depth. However,
the earth is not everywhere in the lithostatic state of stress due to the
tectonic contribution. Thus, the horizontal normal stress is comprised
178 C. Xu et al. / Journal of Applied Geophysics 114 (2015) 174–182of two components: lithostatic stress and deviatoric stress. The
deviatoric stress Δσxx in the continent can be obtained based on a static
balance (Turcotte and Schubert, 2002)
Δσ xx ¼−
1
2
ghΔρ
ρc
ρm
ð1Þ
where g is the acceleration of gravity, h is the thickness of the continent,
ρc and ρm are the density of the crust and the density of the mantle, re-
spectively, Δρ= ρm− ρc is the density difference.
Considering a Bouguer plate with a density anomaly Δρ and thick-
ness h, the resulting vertical gravity anomaly is given by (Heiskanen
and Moritz, 1967)
Δgz ¼−2πhGΔρ ð2Þ
where G is the gravitation constant. Substituting local density value ρ(x,
y) of each unit block for the mean density of the crust ρc in Eq. (1) and
combining Eq. (2) yields
σ xx ¼
gρ x;yð Þ
4πGρm
Δgz: ð3Þ
Eq. (3) gives a way to estimate the horizontal tectonic stress from
the gravity anomaly. The direction of the stress is related to the horizon-
tal gravity anomaly vector. Therefore, the direction of the maximum
principal tectonic stress is corresponding to the direction of the horizon-
tal gravity anomaly vector, which is deﬁned as
α ¼ arctanΔgy
Δgx
ð4Þ
whereΔgx andΔgy are the two horizontal components of gravity anom-
aly vector. The values of Δgx and Δgy can be obtained from the vertical
component Δgz using 3-D Hilbert transform of the potential ﬁeld
Δgx ¼−
1
2π
∫þ∞−∞∫
þ∞
−∞
x−ξð ÞΔgz
x−ξð Þ2 þ y−ηð Þ2 þ H2
h i3=2 dξdη;
Δgy ¼−
1
2π
∫þ∞−∞∫
þ∞
−∞
y−ηð ÞΔgz
x−ξð Þ2 þ y−ηð Þ2 þ H2
h i3=2 dξdη
ð5Þ
where (x, y) is the coordinate of computing point, and (ξ, η) is the coor-
dinate of moving point, H is the continuation height.
The Bouguer gravity anomalies used in our study are reduced to the
local geoid. Thus, the anomalies contain the total contributions of anom-
alous masses in and below the crust. In order to apply Eq. (3) to com-
pute the crustal tectonic stress, the contribution originated below the
crust should be removed from the Bouguer anomalies. In the previous
study, Moho surface correction is performed to do this (You, 1994).
The precondition of this method is that the Moho topography is
known. Here, we use the wavelet multi-scale analysis (MSA) technique
to distinguish contributions resulting from sources at different depths.
Over the past 20 years, MSA has been proved to be a powerful tool
for separation and interpretation of potential data (Hou and Yang,
1997; Fedi and Quarta, 1998; Ucan et al., 2000; Sailhac and Gibert,
2003; Xu et al., 2009; Jiang et al., 2012). Its advantage is that gravity
anomalies can be decomposed into an approximate component and a
series of detailed signals which are corresponding to the sources at dif-
ferent depths. In general, the approximation is low-frequency gravity
anomalies that arose from the deep large-scale sources, which is tradi-
tionally called as the regional gravity ﬁeld. The details are residual
anomalies with high frequency, which can be regarded as anomaly pro-
duced by shallow small-scale sources. The average depth of the source
body related with each component can be statistically estimated by
power spectrum analysis method. According to the relationship
between the power spectrum of the anomalies and the average depthof source bodies, the slope of the logarithmic power spectrumversus ra-
dial wave number indicates the average depth (Spector and Grant,
1970; Dolmaz et al., 2005; Pamukçu et al., 2007; Xu et al., 2009).
5. Results and discussion
5.1. Decomposed gravity anomalies
Coif3 is chosen as the optimal wavelet basis function for the
multiscale decomposition of the gravity anomalies after many simula-
tion tests. The decomposed gravity anomalies in Shenzhen are shown
in Fig. 4. Column (I) and Column (II) of Fig. 4 are regional components
(A1–A5) and residual components (D1–D5), respectively. The estimat-
ed depths of each component by power spectrum analysis are listed in
Table 1. The gravity anomalieswere dispersedly distributedwithout ap-
parent highs and lows at the toppest layer (D1), whichdepth is ~1.5 km.
From D2 to D4, the residual anomalies begin to show strong correlation
with the topography and subsurface structures. The second layer D2 is
compatible with the topography (Fig. 3a). Several stripes of relative
gravity lowswith NE trending become clear in this layer, corresponding
to the relatively high topography. It indicates that the fracturemight ini-
tiate from ~4 km. The 3rd order residuals (D3) reveal obvious gravity
closures, strongly related with the main faults. Two beaded gravity
highs appear in the northwestern and central eastern parts from D3,
which can also be observed in A1 and A2. The gravity anomalies become
smoother and some traps (or entrapments) begin to disappear. Com-
paring with Fig. 3b, D3 and D4 are most compatible with the complete
Bouguer anomaly map, which shows that the structures in the two
layers are dominant on the gravity anomaly. To the depth of 20 km
(D5), the signal of faults almost disappears. It can be inferred that the
deepest faults might reach to this layer. The distributions of gravity
anomaly in D5 are similar with those in A4. The depth corresponding
to A4 is ~34 km, which is close to Moho surface (Zeng et al., 1995).
Column (III) in Fig. 4 shows density distributions (ρ(x,y)) derived
from Column (II). The rock density of the 1st layer underground
Shenzhen ranges from 2.12 g/cm3 to 2.28 g/cm3, which is due to the
Mesozoic-Cenozoic continental stratum. Lateral density change is very
small. The density slightly increases from south to north, because of
the ocean in the southern area. The force caused by plate motion can't
be observed obviously in this layer. In the 2nd layer, a NE trending cor-
ridor can be observed, which density is between 2.6 g/cm3 and
2.7 g/cm3. The minimum density is located in the Mirs Bay, the south-
east corner of the study area. The maximum is at the northwest corner.
From 6 km to 20 km, the density increases gradually in the northwest-
ern and southeastern parts, while the density in the southwestern
part declines. Near 20 km depth, the maximum density is close to
3 g/cm3 at the northwest corner, perhaps resulting from metamorphic
migmatite and granitoid of Paleozoic era.
To sum up, the minimum density of each layer moves from south-
east to southwest gradually as the depth increases. It might be caused
by the extrusion force from the Philippine Sea Plate (Fig. 1) in the north-
west direction. Themaximumdensity is always at the northwest corner
and the extension is spreading gradually with the depths, which is in
accordance with the extrusion force from the Indian Plate (Fig. 1).
Therefore, the crustal thickness in the middle region of Shenzhen may
be thickened because of the NW and SE extrusion, which agrees with
the high-low-high pattern in the gravity map shown in Fig. 3(b).
5.2. Tectonic stress
Substituting the density and decomposed gravity anomaly in each
layer for ρ(x,y) and Δgz in Eq. (3), the multilayer horizontal crustal tec-
tonic stresses in Shenzhenwere derived using Eqs. (3) and (4). The hor-
izontal gravity anomaly used in Eq. (4) was computed by 3-D Hilbert
transform of the decomposed Bouguer gravity anomaly for each layer
using Eq. (5), in which H is the corresponding depth of each layer. The
Fig. 4.Multiscale decomposition of gravity anomaly: Column (I) is regional components; Column (II) is residual components; Column (III) is density distributions corresponding to Column (II).
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(a) to panel (e) are 1.5 km, 4.0 km, 6.0 km, 12 kmand 20 km, respective-
ly. In order to analyze the relationship between stress distribution and
fault strike, the main faults from F1 to F5 shown in Fig. 2 were mapped
with red dash lines in Fig. 5. The earthquakes which occurred in the
study area since 1990 were also plotted using red solid circles in each
layer according to the focus depth. The earthquake recordswere obtain-
ed from the China Earthquake Data Center (CEDE).
For the surface layer, the direction of stresses is disordered (see
Fig. 5a), mainly reﬂecting the inhomogeneity in the very shallow crust.
No information about faults can be inferred. The stress is concentrating
gradually at the depth of 4 km (see Fig. 5b). Lineaments of several stress
transition zones are formed. Stress converges at topography highs, for in-
stance at G2 in Fig. 5b. It becomes more evident in the next layer. In the
central eastern area, the alternative positive and negative stresses reveal
the existence of severalW–E faults near theMirs Bay. Despite of complex
interference signal, the tensile stress can still be observed at B2, C2 and E2
in Fig. 5b, corresponding to the NW-trending WGF (F5) and the NE-
trending JF (F1) in Fig. 2, respectively. It conﬁrms that the depth of the
fracture initiation of main faults is ~4 km, just same as the deduction
from the 2nd order detailed anomalies in Fig. 4.Table 1
The corresponding depth of residuals and regionals.
Order 1 2 3 4 5
Depth of residuals (km) 1.5 4.0 6.0 12.0 20.0
Depth of regionals (km) 5.0 8.0 17.0 34.0 41.0The stress is more concentrated in the 3rd layer (Fig. 5c) with the
average depthof 6 km. The alternative positive and negative stresses be-
come clearer. The corridor of tensile stress formed between B3 and E3 is
in accordancewith the strike ofWGF. The tensile stress at C3 in Fig. 5c is
corresponding to JF (F1) and HLF (F2). In addition, the NE-trending YF
(F4) goes across the tensile stress area (G2) in Fig. 5b, while it goes
across the area of maximum stress (G3) in Fig. 5c. Therefore, F4 is shal-
low ranging from 4 km to 6 km, which is consistent with the character-
istic of xi-type faults.
At the depth of 12 km (see Fig. 5d), stress traps are expanding fur-
ther. At the same time, the relationship between stress distribution
and fault strike is still noticeable. It shows that the faults are still down-
ward extending. However, the tensile stresses at B4, E4 and C4 in Fig. 5d
begin to attenuate, indicating the reduction of fault scale.
In Fig. 5e, the horizontal tectonic stress changes gently. The relation-
ship between stress and faults at the depth of 20 km can't be identiﬁed
any more. It can be deduced that the deepest faults are about at 20 km
depth. It also consists with the MSA results in D5 of Fig. 4 from gravity
data. Stress convergence appears at the most northwestern and the
most southeast corners marked by B5 and E5 in Fig. 5e. The directions
of stress at the two corners are coincident with the compression by
Qinghai Tibetan Plateau and Philippine Sea Plate shown in Fig. 1. There-
fore, the stress in the 5th layer has suffered the affection from the adja-
cent tectonic background.
The magnitude of crustal horizontal tectonic stress is at the level
of 0.1MPa and nearly in equipressure status, which is well consistent
with the results of Tan et al. (2000). About 70 earthquakes were re-
corded in the area between 1990 and 2014. The maximum magni-
tude is only 3.9. According to the focus distribution (Fig. 5),
Fig. 5.Multilayer horizontal tectonic stress. Subpanels (a)–(e) are the stress distributions in the depth of 1.5 km, 4.0 km, 6.0 km, 12.0 km and 20.0 km, respectively. The red dots show the
earthquake epicenter distribution in each layer.
180 C. Xu et al. / Journal of Applied Geophysics 114 (2015) 174–182earthquakes occurred in stress transition zones. A large number of
earthquakes focused on the 2nd and 3rd layers (Fig. 5b and c). The
epicenter distribution conformed to the multilayer stress ﬁelds.
Most of the relative large earthquakes were observed in or near the
Daya Bay. Fewer earthquakes happened in the main faults zone com-
pared to the Daya Bay. It shows that themain faults are relatively sta-
ble. The deepest earthquake was located in the southwest area nearto the Shenzhen Bay, where an obvious compressional stress zone
can be observed in Fig. 5e.
6. Conclusions
Based on themulti-scale analysis of gravity anomalies,we developed
amethod to invert the horizontal tectonic stress at different depths and
181C. Xu et al. / Journal of Applied Geophysics 114 (2015) 174–182applied it to Shenzhen fault zone. The multilayer stress ﬁelds in
Shenzhen were derived from the Bouguer gravity anomalies, which
give us a stereoscopic view of subsurface structures. The distribution
of stress ﬁelds at each depth is strongly relevant to the strike of main
faults. According to the focus distribution, earthquakes can be observed
along the stress transition zone. It suggests that themultilayer stress can
be used to infer the distribution and the stability of urban active faults.
According to the relationship between stress and fault, the depth of
themain faults in Shenzhenmight range from 4 km to 20 km. The crust-
al horizontal tectonic stress of Shenzhen City on each layer is nearly in
equipressure status since the magnitude is at the level of 0.1 MPa.
Therefore, it can be concluded that the main faults are relatively stable
and have no serious impact on planning and construction of the city in
short term. The case study validated our method and provided a way
to investigate the interior tectonic stress state in the crust.
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